Introduction
Isoliquiritigenin can be extracted from natural plant licorice, which is an effective, safe, low toxicity natural medicine with wide potential usages. It possesses a variety of pharmacological effects, such as anti-cancer, anti-arrhythmic, anti-oxidant, etc. [1] Due to the low content of isoliquiritigenin in licorice, the selective extraction and effective separation became more concern in recent studies.
Most of the components in licorice were extracted by traditional methods in the published literatures, such as precipitation, organic solvent extraction, ultrasonic and microwave extraction [2] . However, these methods are only suitable to extract one certain type of compounds, could not obtain high purity of active components, such as isoliquiritigenin, especially at lower content of isoliquiritigenin in licorice. In addition, High performance liquid chromatography (HPLC) is a good method to analyze and separate components in complex herb, and there are many applications in the separation of licorice components in previous studies [3] .
The simulated moving bed (SMB) chromatography is a variant of HPLC, additional improvements to the technique allow for counter-current continuous operation that further reduces the need for solvent and significantly improves process throughput. In recent years, SMB chromatography was shown great potential applications in the fields of biotechnology, pharmaceutical and fine chemical industries [4] . SMB chromatography becomes a preferred method since 1990s for the separation of chiral drugs, which show better performance than other chromatographic techniques [5] . With the development of SMB technique, the applications fields of SMB become wider and wider. This technique also can be used to separate three or more components [6] , but the cost and the complexity of the system will be increased accordingly.
There are still many problems need to be solved in the future though SMB is an advanced separation technique, including the technique itself, the theories and applications as well. To improve the performance of SMB, many operation modes were proposed, such as Varicol, Powerfeed process, Modicon and other modes of operation [7, 8] . The high performance SMB technology is still facing many challenges, especially related to the separation of active components from natural products in the field of pharmaceutical industry.
The purification of isoliquiritigenin from multicomponent material (licorice extract) was studied by manual three-zone SMB devices in this work. The raw material only contained two major components after pretreatment. Different column configuration were designed by changing the connect pipeline, and the comparison of each corresponding configuration was made to obtain greater purity. The temperature effects on the separation were also investigated in this paper.
Experimental

Chemicals and Materials
Licorice extracts and isoliquiritigenin standard were purchased from Inner Mongolia Yitai medicine (Inner Mongolia, China). Acetonitrile is HPLC grade, which was obtained from Tianjin Kemio Chemical Reagent Co., Ltd (Tianjin, China). Ethyl acetate, methanol and ethanol were purchased from the Beijing Chemical Factory (analytical grade, Beijing, China). Distilled water was made in the laboratory.
Analytical Methods
Reversed phase HPLC was performed by using an Agilent 1200 series instrument (Agilent, Santaclere, CA). The column is Agilent CN column (4.6 mm i.d. × 150 mm) with 5 µm stationary phase. The mobile phase was the mixture of acetonitrile and water (3:7, v/v). The detection wavelength was 360 nm at the maximum absorbance of isoliquiritigenin. The flow rate was 1.0 ml/min. All the operations were performed at room temperature.
Pretreatment of Raw Materials
Isoliquiritigenin was first pre-extracted from raw licorice powder (15 g) with 500 ml ethanol by ultrasonic extraction at 30 0C for 1.0 h. The supernatant fluid was decanted and reserved. 100 ml ethanol was then added to the residue solid and the extraction was performed under the same conditions for 1.0 h. The supernatant fluid was combined with the reserved extract, filtrated, and concentrated to dryness. 4 g of dry extract was obtained and then it was dissolved with 80 ml of 30% (v/v) methanol. 20 ml of sample solution was injected by a loop to a preparative chromatography column (28 mm i.d. × 500 mm) packing with 40 µm C18 bonded silica. The methanol: water (3:7, v/v) solution was used as mobile phase to elute the mixture for 1 h, after the pump stopped, the mobile phase was replaced by the solution of methanol: water (1:1, v/v) and the elution resumed for another 1 h during isoliquiritigenin collection; the pump was then stopped again and restarted with pure methanol as the mobile phase to elute the column for a final 20 min for cleaning. All the work was done under room temperature, at a flow rate of 20.0 ml/min. The desired fractions were combined together and dried. This procedure was repeated 4 times, and the dry extract was ready for SMB purification.
Separation of Isoliquiritigenin by Manual Three-zone SMB
The laboratory-scale SMB was designed and set-up by semi-preparative columns, six-position switching valves (Rheodyne, California, USA) and connected pipelines. Two Shimadzu LC-10AT pumps P and D (see Fig. 1 ) were used for purging and eluting respectively. One SZB-1A micro controlled volume pump F (Beijing Satellite Manufacturing Factory, Beijing, China) was used for feeding. The scheme of the three-zone SMB was shown in Fig. 1 . Column configurations were (a)
For preparation of the SMB-columns, six semi-preparative columns (10 mm i.d. × 100 mm) were packed with C18 material (Beijing Jinouya, China) by slurry method. The average particle diameter was 20 µm. The packing quality of the columns was conformed. The columns with the similar performance were used for the SMB system. The concentration of sample was 5 g/L, utilize the mixture of ethanol and water (83:17, v/v) to purge and elute the extract (outlet E) and raffinate (outlet R), the fraction concentrations of outlet E and R were detected by HPLC. Target isoliquiritigenin was eluted at outlet E, which was monitored by on-line Shimadzu SPD-10AVP UV detector. Switch time was 7 min, the fraction from outlet E were collected in two flasks, one for 3 minutes and the other 4 minutes with the partial collection method. The separation region of SMB was studied under linear condition with the temperature range between 20 0 C and 50 0 C to investigate the effect of temperature on the isolation of isoliquiritigenin before the SMB experiments.
Results and Discussion
Pretreatment of Raw Materials
To separate an active component from a natural plant material by SMB, a proper pretreatment process is necessary. Numerous impurities were eliminated by the pretreatment process in this study. The chromatogram of raw licorice extract was shown in Fig. 2 . According to Fig. 3 , the major of sample contained isoliquiritigenin and some impurities after the pretreatment. The impurity (1) was difficult to separate from isoliquiritigenin, and it was separated by SMB. 
Chosen Columns for Configuration Modes in SMB systems
In SMB systems, the columns connected with each other in series. During the synchronous switching process, each column must experience the process of adsorption, distillation and elution. In other words, the SMB columns must have similar performance under the same operating conditions, such as the same retention time, peak width and peak shape, etc. The poor symmetry of columns system would cause accumulated deviation and consequence in a disorder of the system. Therefore, the symmetry of the columns system should be examined at first before using SMB.
6 packed columns by slurry method were evaluated and the results of the column performance were listed in Table 1 . The results show that the retention times of isoliquiritigenin, column efficiencies, and column pressure drops are very similar in the first four columns. Therefore, these four columns were selected and connected in series of the SMB system to gain better purification. 
Effect of Temperature on The Separation Region of SMB
The impact of temperature factor has been ignored in liquid chromatography in the past, but temperature may still affect the separation result indirectly. For example, it can change the viscosity of the mobile phase and cause the separation results fluctuation. Temperature effect on the complete separation region of SMB was also investigated in this work.
According to the Triangle Theory (Cristiano et al., 1998), the complete separation region of SMB is the right triangle under linear conditions for two components. Furthermore, the larger triangle separation region (separation area) obtained, the greater the robustness of the SMB was achieved. This also means the parameters of SMB are easier to determine. In linear conditions, the retention time t Ri of component i can be written as ) 1 (
The dead time t 0 and phase ratio F can be measured, for this column using 0.5 min and 1.25, respectively. The adsorb coefficients, G i can be calculated by Eq. 2:
At different temperatures, the enclosed triangular area A were calculated, A= (G 2 -G 1 ) 2 /2, and the results were given in Table 2 . The results obviously revealed that the areas of the triangle region increased with the decreased of temperature, which indicated that the low temperature is benefit for the separation. Therefore, 20 0 C was selected as the operate temperature. Note: *the subscript 1stands for the former impurity, 2 for isoliquiritigenin.
Separation of Isoliquiritigenin in Different Configuration Modes
The purity of isoliquiritigenin in different column configuration was shown in Table 3 . It was found that increasing the columns in zone III could increase the purity of isoliquiritigenin. The highest of purity of isoliquiritigenin was obtained with 1:1:2 mode, which was 92%. Due to the raw materials were not two pure components, there were still few impurities in outlet E. In order to get higher purity of isoliquiritigenin, a partial collection method was used. As a result, the purity of isoliquiritigenin was enhanced from 92% to 99%. In this process, the dead volume of the whole SMB system is very small, which can be ignored in this study. The zone I was operated independently and not affected the main zones (II and III) in the three-zone manual SMB, which is convenient for eluting the extracts by gradient elution or increasing the flowrate. Therefore, the stability is better than those of a classical four-zone SMB. And this independent structure (zone I) makes the system reach equilibrium steady state very quickly, the concentration of isoliquiritigenin is almost invariant after two switches.
Conclusion
The purification of active component isoliquiritigenin was performed by the manual three zones SMB set-up. The different configurations were arranged for the SMB system. With the mode 1:1:2, the best results was obtained. The purity of isoliquiritigenin reached 99% by combined with the partial collection method.
